The pregnancy associated glycoprotein (PAG) test for pregnancy detection in cows necessitates transportation of blood samples to the laboratory. This investigation addresses preanalytic sources of error that might compromise its reliability. During shipping blood samples undergo substantial temperature fluctuations (Experiment 1). Temperatures of whole blood beyond 0°C had no effect, whereas freezing reduced measurements by 22% at -10 °C and by 25% at -20 °C (Experiment 2). Freezing of blood with low PAG content (Experiment 3) caused an increase from 2.4 to 3.7 ng/ml (P < 0.01). Cryopreservation of serum with various PAG concentrations (Experiment 4) brought about increases to varying degrees. The presence of heparin and EDTA in collecting tubes had no effect on PAG measurements, whereas citrate caused an initial reduction, but remained stable thereafter (Experiment 5). In blood stored six months at chilling temperature no change in PAG values occurred as long as samples contained heparin or EDTA (Experiment 6). In Experiment 7 vortexing of whole blood showed no effect, whereas freezing and dilution with water seriously compromised results. In summary, to obtain reliable PAG measurements, contamination with water must be avoided; freezing of whole blood or serum and the use of collecting tubes containing citrate will result in inaccuracies without altogether distorting results. High ambient temperature, physical agitation and long term storage at chilling temperature in the presence of heparin or EDTA will have no impact. PAG determination in blood may thus be considered a reliable pregnancy test for cows in most situations.
Introduction
Pregnancy diagnosis is an essential component of effective reproductive management in the dairy industry. Pregnancy can be diagnosed via rectal palpation with or without the support of ultrasonography, milk progesterone test or, more recently, measurement of pregnancy associated glycoproteins (PAGs) in blood or, in lactating cows, in milk. PAGs have their origin in the placenta of pregnant cows (Zoli, Beckers, Wouters-Ballman, Closset, Falmagne, & Ectors, 1991; Hughes, Green, Garbayo, & Roberts, 2000) . PAG concentration in blood may be determined by radioimmunoassay (RIA) (Sasser, Ruder, Ivani, Butler, & Hamilton, 1986; Zoli, Guilbault, Delhaupt, Benitez Ortiz, & Beckers, 1992) or enzyme-linked immunosorbent assay (ELISA) using monoclonal (Green et al., 2005) or polyclonal antibodies (Friedrich & Holtz, 2004 , 2010 . From day 28 of pregnancy onward PAG levels in pregnant cows will exceed 2.0 ng/ml. At that stage the reliability of diagnosis approaches 94% (Friedrich & Holtz, 2010) . Although the popularity of the PAG test is increasing (our laboratory offers the service since 2005), little information is available concerning potential sources of error that might compromise its reliability. In this investigation blood was exposed to various effects that might act between collection and analysis of blood samples and could conceivably have an impact on the outcome of the PAG pregnancy test.
collected into 5ml-test tubes (Sarstedt, Numbrecht, Germany) and shipped to the laboratory on crushed ice. They were stored in a refrigerator at 7 °C for one day before being centrifuged for 10 min at 3000xg to obtain serum that was analyzed (in duplicate) for bPAG1-content by competitive double antibody ELISA as described by Friedrich and Holtz (2010) . The minimum detectable level of the assay was 0.4 ng/ml and inter-and intra-assay CV at 0.8 ng/ml were 13.2% and 16.3%, respectively.
Experiment 1: Transport-Related Temperature Fluctuation
A pilot study was conducted to get an impression as to temperature fluctuations blood samples are subjected to on the way from the farm to the laboratory. Temperature loggers (Tinytag Temperature Data logger; Range -40 °C to + 75 °C; Part No 9903-0017) were mailed from farms at five different locations in Germany on five warm summer and two cold winter days. Temperature was recorded at 15 minute intervals and times of dispatch and arrival at the laboratory were noted.
Experiment 2: Effect of Various Temperatures on Whole Blood
From each of nine lactating dairy cows at an advanced stage of pregnancy (123 to 211 days) seven blood samples were drawn, three of which were exposed to 0 °C, -10 °C and -20 °C for the duration of 14 days, three to +8 °C, +20 °C and +40 °C for the duration of 3 h and a control sample remained in the refrigerator at +7 °C for 3 h until being assayed.
Experiment 3: Effect of Storage of Whole Blood at -20 °C
Two blood samples were drawn from each of 34 early pregnant (32 to 81 days) lactating dairy cows. Upon arrival at the laboratory one of the samples was analyzed immediately, the other was stored for two weeks at -20 °C before being analyzed.
Experiment 4: Effect of Cryopreservation of Serum with Various PAG Contents
Blood samples sent in by farmers for pregnancy testing were split into half after centrifugation. One part of the serum was assayed immediately to provide the herd owners with the diagnostic result; the other was stored at -20 °C. Two weeks later the counterparts of samples with PAG levels 0.39-0.45 ng/ml, 0.75-0.95 ng/ml, 1.58-1.93 ng/ml, 3.15-3.85 ng/ml, and 6.30-7.70 ng/ml, respectively, were picked out, thawed and analyzed.
Experiment 5: Effect of Anti-Coagulants
Four samples were collected from each of ten lactating dairy cows, 55 to 92 days pregnant, one each into commercially available test tubes containing the anti-coagulants heparin (Sarstedt, 4 ml, 16 I.E. heparin/ml), EDTA (Sarstedt, 4 ml, 1.8 ml EDTA/ml), citrate (Greiner bio-one, Vacuette, 3.5 mL 9NC Coagulation sodium citrate 3.2%) or no anti-coagulant. After two hours samples were centrifuged and analyzed.
Experiment 6: Effect of Long-Term Storage of Blood at Chilling Temperature
From each of eleven lactating cows, 55 to 92 days pregnant, one sample each was collected into a commercially available test tube containing citrate, heparin, EDTA or no anti-coagulant. After centrifugation part of the supernatant was aspirated and analyzed for PAG. The remaining samples in capped test tubes were kept in the refrigerator at 7 °C for six months. Thereafter samples were gently stirred with a glass probe, centrifuged once again and the supernatant was assayed for PAG.
Experiment 7: Effect of Strain to Blood Cells
Of four blood samples from each of ten lactating dairy cows, 97 to 133 days pregnant, one per cow was vortexed for 10 minutes at maximum intensity on a standard laboratory mixer (Vortex Genie 2); one was frozen at -20 °C, one was diluted with an equal part of distilled water and one remained untreated. All samples were then centrifuged and analyzed for PAG.
Experimental Design and Statistical Analyses
Experiments 2 to 7 were repeated three times to provide for replications. Samples were randomly distributed on 96-well microtiter plates. Each sample was pipetted in duplicate and means of the duplicates were assessed by the software Magellan (version 6.0). Using these means, the following linear mixed model was applied to Experiments 2, 3, 5 and 7:
Where y represents the PAG value, µ the overall mean, "animal" and e are random factors (accounting for repeated measurements per animal), "plate" a blocking factor based on the distribution of samples to plates, and "treatment" the respective treatment method of the sample ( The model for Experiment 4 (Cryopreservation of serum with various PAG-contents) was:
Where y represents the PAG value, µ the overall mean, "animal" and e the random and residual effects (accounting for repeated measurements per animal), "group" the group according to the range of PAG values of the samples [6 classes], "treatment" the respective treatment method (fresh vs. frozen) of the sample, and "treatment X group" the interaction between treatment and group.
The model for Experiment 6 (Effect of long term storage of blood at chilling temperature) was:
Where "treatment" represents the duration of storage (fresh vs. long-term storage in the refrigerator), "agent" the anti-coagulants (4 classes), "treatment X agent" the interaction of the two. The remaining variables were the same as described above.
Results and Discussion
Temperature loggers mailed to the laboratory from different locations took between two and five days to reach their destination. Despite protection provided by padded envelopes and, according to the weather service, relatively moderate weather conditions, recorded temperatures ranged from -9 °C to +34 °C (Figure 1 ). Under more drastic weather conditions more extreme temperature fluctuations might occur. Seelig et al. (2008) point out that environmental conditions and irregularities with transportation and storage of blood samples may seriously compromise the outcome of certain analyses. Therefore, in Experiment 2 the effect of temperature extremes on PAG measurements in whole blood from cows at an advanced stage of pregnancy (high PAG level) was investigated. As shown in Figure 2 , temperatures above freezing caused no changes in PAG values. Tasker (1978) , Wittwer, Boehmwald and Klaasen (1986) and Fontaine, Hamelin and Couture (1987) point out that blood proteins remain stable at temperatures above 0 °C and Guder (2002) mentions stability for six days at 4 °C to 8 °C. In samples exposed to -10 °C and -20 °C, however, PAG values were reduced by 22% and 25%, respectively (P < 0.01). According to Privalov (1990) , denaturation of proteins at freezing temperatures cannot be ruled out, conceivably due to cell damage by ice crystal formation that may result in aberrations in pH and/or osmotic conditions (Heiss & Eichner, 1995; Sonntag, 2009) . Aberrations in molecular conformation might have an impact on binding sites for assay antibodies. These deviations are particularly relevant with slow freezing (Boegh-Soerensen, 1985; Farkas, 2007) and according to Seelig et al. (2008) it would be possible to avoid them by shock freezing in liquid nitrogen. Freezing of whole blood from early pregnant cows with relatively low PAG levels (Experiment 3) resulted in an increase in PAG values from 2.4 ng/ml in non-frozen serum samples to 3.7 ng/ml (P < 0.01). The discrepancy with the findings of Experiment 2 might be ascribed to differences in PAG molecules prevailing at an early vs. an advanced stage of pregnancy (Green et al., 2005) , pertaining, according to Klisch et al. (2005) , to differences in molecular mass or arrangement of carbohydrate side chains. As reported in Stahmann, Gauly, Holtz and Koenig-von Borstel (2013) , this phenomenon necessitates application of different correction factors to compensate for the distorting effect of freezing on PAG measurements at different PAG levels.
In serum samples with different PAG levels cryopreserved at -20 °C (Experiment 4) PAG concentration was elevated by 26% to 80% with an overall mean of 54% (Table 1) . Individual variability was high, nonetheless, in the three groups with the highest deviation (53%, 69% and 80%), the effect of freezing was statistically significant (P < 0.01). The differences in degree of deviation might be associated with the respective stage of pregnancy with different PAG molecules prevailing (Green et al., 2005; Klisch, De Sousa, Beckers, Leiser, & Pich, 2005) . Note. abcdef Different superscripts indicate differences between prefreezing and post freezing as well as between PAG concentrations (P < 0.05).
According to Scheiffarth, Goetz and Cerny (1965) and Tasker (1978) molecular structure is maintained in blood stored at -20 °C, albeit Seelig et al. (2008) stress that, in order to achieve reliable results, freezing and thawing protocols ought to be carefully standardized.
It is not unusual to use test tubes with anti-coagulants when collecting blood. The data presented in Figure 3 (Experiment 5) indicate that, in the case of heparin and EDTA, no deviation is to be expected. In citrate www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; 2015 containing test tubes, however, PAG values were significantly reduced (P < 0.01). Heparin acts by inactivating thrombin and blocking the activity of several clotting factors and plasmin (Mollison, 1989) whereas citrate is a chelating agent blocking the calcium-dependent step in the cascade of events leading to clotting by sequestering the calcium ions required for catalytic action, a mode of action quite similar to that of EDTA (Auld, 1995) . We have no plausible explanation why citrate would bring about a decrease in PAG whereas the other coagulants do not. According to Seelig et al. (2008) and Lippi et al. (2013) , the ratio of citrate to blood is critical. In the present study blood was collected directly into the collecting tube, therefore the ratio was not standardized. It is unlikely, however, that this can serve as explanation. Figure 3 . Effect of anti-coagulants on PAG determination in whole blood of cows 55 to 92d pregnant (means ± SE; a,b: P < 0.01) (Experiment 5)
In blood samples contained in heparin or EDTA containing test tubes that were left in the refrigerator for six months (Experiment 6), PAG levels remained unaltered (Table 2 ). In citrate-containing tubes there was an initial decline by 26% with no further change to speak of; much the same as in Experiment 4. Note. ab Different superscripts indicate differences between fresh and stored samples as well as between anti-coagulants (P < 0.05).
This reflects the amazing stability of the PAG molecule, especially in view of the fact that, after 6 months, the serum had assumed a mucilaginous consistency making for difficult handling and pipetting. In test tubes without anti-coagulant, PAG values were reduced by 30% from 4.6 ± 0.8 to 3.2 ± 0.83 ng/ml (P < 0.01). This does not appear surprising, as chilling temperature will decelerate (Tasker, 1978; Halwachs-Baumann, 2011) but not completely prevent decomposition. Anti-coagulants, thus, exert preservative action. This is nowhere explicitly reported, however, it is known that EDTA acts as powerful antioxidant and Guder et al. (2002) state that anticoagulants have the purpose of preventing clotting and also ensuring maintenance of the original state. Wardrop (1995) also points out that anticoagulants are effective in preventing changes associated with storage.
The effect of physical strain to blood cells on PAG measurements, such as by vigorous shaking, freezing without cryoprotectant and osmotic strain was put to the test in Experiment 7. It is generally recommended to handle blood samples gently, swivel rather than shake them to avoid layering of proteins and electrolytes (Minuth, 2003;  www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; 2015 Kraft, 2005; Bruhn, 2011) and avoid agitation during transportation (Stankovic, 2004) . However, PAG measurements after ten minutes of vortexing at maximum intensity were unaffected (Figure 4) although hemolysis was evident. Freezing, on the other hand, resulted in a reduction in PAG measurements by 44% (P < 0.01), even more than in Experiment 2, and dilution with distilled water brought about substantial distortion. Figure 4 . Effect of treatments expected to damage blood cells on the outcome of PAG measurements in whole blood from cows 97 to 133 days pregnant (means ± SE; a,b: P < 0.01) (Experiment 7)
Based on a dilution rate of 1:1 a reduction by 50% would have been expected; in actuality the value was reduced by 65% (P < 0.01). Blood samples contaminated with water, therefore, should be discarded and replaced by new ones.
From the results of the present investigation it may be concluded that, to obtain reliable PAG measurements, contamination of samples with water must be avoided. Freezing of whole blood or blood serum and the use of citrate-containing collecting tubes will cause a degree of distortion, but not altogether compromise results. High ambient temperature, physical agitation of blood, the use of heparin-or EDTA-containing collecting tubes (exerting a preservative effect) and long-term storage at chilling temperature will not impair the accuracy of measurements. PAGs thus are robust molecules and the test is not particularly prone to interference. It will, therefore, rapidly gain in popularity as a convenient and reliable means of pregnancy detection in cattle.
